The incidence of infantile-onset secondary glaucoma associated with periocular cutaneous vascular malformations is high and the outcomes of these glaucomatous eyes have anecdotally been poor. The purpose of this study was to determine the anatomic and visual outcomes of affected eyes.
P eriocular cutaneous vascular malformations, frequently found in Sturge-Weber syndrome (SW), Klippel-Trenaunay-Weber syndrome (KTW), cutis marmorata telangiectatica congenita (CMTC), and phakomatosis pigmentovascularis (PPV), may be associated with glaucoma in 30-50% of patients.
1-3 Intra-and postoperative complications after glaucoma surgery seem to be more common in these patients. 4, 5 In addition, when the disease manifests in infancy, dense amblyopia often develops. 6 This suggests that this group of secondary glaucomas may carry a poorer anatomic and visual prognosis than other types of childhood glaucoma.
The purpose of this study was to survey the surgical and visual outcomes of infantile eyes affected with glaucoma associated with periocular cutaneous vascular malformation.
materials and methods
A retrospective review of medical records was performed at the Bascom Palmer Eye Institute using an Institutional Review Board-approved protocol. Medical records of children carrying International Classification of Diseases, 9th edition codes of "infantile glaucoma," "glaucoma of childhood," "secondary glaucoma," "glaucoma associated with vascular disorders of eye," and "glaucoma associated with systemic syndromes" from 1995-2015 were screened. Records were included if glaucoma associated with cutaneous vascular malformation was diagnosed before the age of 36 months based on Childhood Glaucoma Research Network criteria.
7 Episcleral hemangioma was diagnosed if significantly increased episcleral vascularity was present. Choroidal hemangioma was diagnosed based on characteristic echographic findings. Patient characteristics were extracted from the medical record. Statistical analysis was performed using SPSS (Version 22; SPSS Inc, Armonk, NY).
results
Seventeen eyes (10 right eyes, 7 left eyes) of 13 patients (9 females, 4 males) were analyzed. The cohort included 10 SW, 1 KTW, 1 CMTC, and 1 PPV patients. Four patients (3 SW, 1 KTW) had bilateral glaucoma associated with bilateral skin lesions. One patient had unilateral glaucoma and bilateral skin lesions. At presentation, the mean age was 6.5 ± 9.1 (mean ± SD) months and the mean intraocular pressure (IOP) was 27.2 ± 6.13 mm Hg. The baseline characteristics and final outcome measures are summarized in Table 1 .
The median follow-up time was 3.8 years (mean, 6.6; range, 0.5-18.4 years). The average number of procedures at final follow-up was 2.2 ± 2.0, number of IOP lowering medications was 1.9 ± 1.3, and final IOP was 23.5 ± 8.6 mm Hg. A total of 37 procedures were performed, the most common being angle surgery (18 times, 49%), followed by 2-stage tube shunt implant (5 times, 14%). Postoperative complications included 2 eyes (2 patients; 2 SW) with choroidal detachments within 1 month of surgery and 2 eyes (1 SW, 1 month after surgery; 1 KTW, 6 years after surgery) with retinal detachments. Patients with less than 5 years of follow-up (9 eyes; 7 SW, 1 PPV, 1 CMTC) on average had 1.0 ± 
Summary of Presenting Characteristics of 17 Eyes With Congenital Glaucoma Associated With Cutaneous Vascular Malformations
Vascular Dx 0.5 (range, 0-2) procedures in the affected eyes. Patients with at least 5 years of follow-up (5 patients, 8 eyes; 6 SW patients, 2 KTW) on average had 3.5 ± 2.3 (range, 1-7) procedures in the affected eyes. Eleven of 17 eyes had quantitative visual acuity recorded at their final follow-up visit. Of the 6 eyes without a quantitative visual acuity, 1 had light perception (LP) vision, 1 had hand motion (HM) vision, and acuity was not recorded for 4 eyes due to the young age of the patients. Of those patients with less than 5 years of follow-up (9 eyes of 8 patients), quantitative best-corrected visual acuity (VA) was available in 6 eyes and was better than 20/70 in 2 eyes (33%, unique patients). For patients with at least 5 years of follow-up (8 eyes of 5 patients), quantitative best-corrected VA was available in 5 eyes and was at least 20/70 in 3 eyes (60%, all unique patients). Of the patients for whom only qualitative VA was available (2 eyes; 1 SW, 1 KTW), 1 eye had LP and 1 eye had HM vision. Both of these patients had bilateral glaucoma with vision in the better-seeing eye of at least 20/70, with at least 5 years of follow-up. Additionally, of the 4 bilateral glaucoma patients, 3 had vision from 20/25-20/70 in their better-seeing eye. All eyes with choroidal or retinal detachments with vision recorded had final visual acuity less than 20/200. The presence or absence of central nervous system leptomeningeal lesions and a formal assessment of confrontation visual fields or automated visual field defects were unavailable and thus not included in this study.
The risk factors evaluated included the presence of a vascular malformation, upper and lower lid involvement, episcleral or choroidal hemangioma, and iris heterochromia. In our cohort, all eyes had vascular malformations, with 12 involving both the upper and lower lids, and 12 had an episcleral or choroidal hemangioma. Three patients had iris heterochromia. There was a negative correlation between the number of risk factors per patient and final visual acuity when looking at all affected eyes (including both eyes of bilaterally involved patients; n = 13, r = −0.50, P = 0.08) or only the worse-seeing eye for each patient ( Fig. 1 ; n = 10, r = −0.71, P = 0.02); the latter correlation was statistically significant. discussion Sturge-Weber syndrome, KTW, CMTC, and PPV are rare disorders that involve periocular cutaneous vascular malformations and are often associated with ipsilateral glaucoma. Glaucoma control in this population is challenging, especially in infantile-onset cases. Additionally, there is little data on the visual outcomes of these patients, especially in KTW, PPV, and CMTC.
In our series, 94% of eyes were initially treated with angle surgery, and the majority of eyes followed at least 5 years required a mean of 3.5 procedures. All patients who underwent angle surgery had open angles confirmed by either direct observation with gonioscopy or by high-resolution ultrasound biomicroscopy. At final follow-up, 87% of all patients were on IOP lowering medications. This is similar to a prior retrospective series in which 60% of 15 eyes with SW glaucoma treated with angle surgery required additional angle surgery and 40% required postoperative medications after 3-5 years. Our findings are similar to that of Khitri et al, 6 who reported vision better than 20/70 in 37.5% of SW patients (16 eyes); however, the length of follow-up in their cohort was not known. We also observed worse visual outcomes with a higher number of surgeries. Half of patients with 1 or no surgery had vision of at least 20/70, whereas only 20% of patients with more than 1 surgery had vision of at least 20/70. This suggests that patients who required multiple surgeries had poorer visual outcomes and is consistent with prior reports of surgical outcomes in childhood glaucoma cohorts.
6
Ipsilateral or combined upper and lower lid port wine birthmark, episcleral or choroidal hemangioma, and iris heterochromia have been identified as risk factors for the development of glaucoma.
10 In our study, infantile-onset glaucoma tended to occur in cases in which the periocular cutaneous vascular malformations involved both the V1 and V2 distribution, as this occurred in 12 of 17 eyes. Additionally, this distribution seems to be more commonly associated with episcleral or choroidal hemangiomas, as 12 of 17 eyes had episcleral or choroidal hemangiomas and 4 of the 13 patients had iris heterochromia. Those with a higher number of risk factors also had poorer visual outcomes. However, in patients with bilateral disease, good vision was usually maintained in 1 eye even though both eyes had similar risk factors.
There are several limitations to our study. First, the retrospective design is vulnerable to selection bias, as patients with excellent surgical and functional outcomes may follow-up outside of a tertiary care center. Second, the sample size is modest and does not allow detailed stratified comparison among different groups. However, given the low prevalence of secondary infantile-onset glaucoma associated with periocular vascular malformation, this is one of the largest single-center series in literature. Lastly, quantitative visual acuity is not uniformly available in the entire cohort. This is likely due to the overall young age of our patient population, the presence of neurologic comorbidities, and the referral pattern such that visual development is often managed separately from the glaucoma.
In summary, in the management of patients with infantileonset glaucoma associated with cutaneous vascular malformations, the visual outcome is guarded and the majority of patients require multiple surgeries. Quantifying risk factors may be a
